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Results of Balloon Valvuloplasty in Typical and Dysplastic Pulmonary
Valve Stenosis: Doppler Echocardiographic Follow-Up
PABLO M . MARANTZ, MD, JAMES C . HUHTA, MD, FACC,
CHARLES E . MULLINS, MD, FACC, DANIEL J . MURPHY, JR ., MD, FACC,
MICHAEL R . NIHILL, MD, FACC, ACHI LUDOMIRSKY, MD, GRACE Y . YOON
Houston, Texas
To assess the usefulness of balloon valvuloplasty in patients
with a dysplastic pulmonary valve, the files of 36 patients
(aged I day to 18 .5 years) who had two-dimensional echo-
cardiography before and continuous wave Doppler echo.
cardiography late after balloon valvuloplasty (balloon di.
ameter ?20% annlus diameter) were reviewed . Results of
relief of pulmonary stenosis were graded
by catheter gra .
dient in the catheteriration laboratory and compared with
Doppler echocardiographic findings at follow-up .
There were 32 patients with typical pulmonary slenosis
and 4 with a dysplastle valve . In the 32 patients with typical
pulmonary slenosis, transvalvular gradient changed from a
mean of 67 ± 32 to 20 ± 20 mm Hg (p < 0 .0001, mean
reduction 72.6%). The gradients at follow-up by Doppler
echocardiography averaged 20 mm Hg including 15 that
increased, 3 that were unchanged and 14 that decreased.
Only 3 (9%) of 32 patients had a gradient >25 mm Hg at
It has been established that the use of oversized balloons for
percutaneous valvolomy in typical congenital
pulmonary
valve slenosis can give good results (1). Gradient reduction
of an average of 53 to 100% is possible and there are obvious
advantages compared with surgical treatment . Nevertheless,
all
early reports (24) agree that a subgroup of patients wi!h
a "dysplastic valve" will have
poor results from valvulo-
plasty . Criteria for a dysplastic valve by echocardiography
or angiography include small pulmonary valve annlus, ab-
sent or minimal poststenotic dilation, limited cusp move-
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follow-up and only one gradient was >35 mm Hg, All four
patients with a dysplaslic valve had a gradient that de-
creased with valvuloplasty from a mean of 85 x 33 to 33
t
20 mm Hg (p < 0 .05) ; gradient reduction in this group
ranged from 40 to 85% (mean 57.5%),
The gradient at
follow-up increased in three of these four patients and
decreased in one (the only late gradient <25 man Hg). Late
gradient was <35 mm Hg in two of the four patients and
was reduced by 43 and 57%, respectively, in the other two .
pulmonary valvuloplasty with large balloons gives good
results in nearly all cases of typical pulmonary
slenosis and
in some cases of dysplastic valve . Because valvuloplasty for
a dysplaslic pulmonary valve results in significant
palliation
or rather of gradient, patients with this condition sbould not
be escluded from an attempt at valvuloplasty .
(J Am Cull Cordial 1988;12;476-9)
ment and markedly thickened valve cusps (5,6) . In previous
reports (7,8) concerning balloon valvuloplasty of dysplastic
pulmonary valve, some conclusions were
based on valvulo-
plasty results using bat Ions the same size as or smaller than
the valve annulus and definitions of the early result in the
catheterization laboratory and the result late with Doppler
echocardiography were not provided .
The present study attempted to answer the following
questions : I) in which patients having criteria associated
with "dysplastic pulmonary valve" is it reasonable to at-
tempt valvuloplasty as definitive or palliative treatment ; and
2) how well does the transvalvular gradient in the catheter-
ization laboratory predict the late result?
Methods
Study patients. The study group comprised 36 patients
(aged I day to 18
.5 years) who were referred for Doppler and
two-dimensional echocardiography to confirm the clinical
diagnosis of pulmonary steeosis before balloon valvulo-
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plasty was attempted
. Patients with complex congenital
heart disease, hypoplasia of the right ventricle or in whom
valvuloplasty was done with a balloon diameter <120% of
the anulus diameter were excluded .
Echocardiography. Two-dimensional echocardiography
was performed with an Advanced Technology Laboratories
600 MK or Ultramark 8 mechanical sector scanner (3 .5 or 7 .5
MHz transducers) and continuous wave Doppler echocar-
diography examination was performed with a separate noni-
maging 2 MHz Doppler echocardiography probe. All pa-
tients were examined without sedation in the supine and left
lateral decubilus positions . A complete two-dimensional
echocardiographic examination was performed with special
attention given to define the pulmonary valve morphology,
anulus size, presence of poststenotic dilation and mobility
pattern of the valve cusps
. We found the high left parasternal
short- and long-axis views of the right ventricular outflow
tract to be the most useful for imaging . Doppler echocardio-
graphic measurements of maximal peak instantaneous valve
gradient were obtained from subcostal and low parasternal
approaches and the peak velocity was converted to gradient
by the modified Bernoulli relation (2,9) : gradient = 4 x
velocity squared . A previous description (10) of the tech-
nique we used showed that the peak right ventricle to
pulmonary artery gradient is predicted by this method
.
Two-dimensional and continuous wave Doppler echocar-
diography were repeated I month to 4 years (mean II
months) after valvuloplasty,
Catheterizntion. All patients had premedication with me-
peridine (2 mg/leg) body weight and phenergan (I mg/kg).
Additional ketamine (I mg/kg intravenously) was added as
necessary. Right ventricular angiography in the posteroan-
terior and lateral views was performed immediately before
and after dilation. The size of the right ventricle and tricu-
spid valve was normal in nit .
Valvuloplasty technique . The technique of valvuloplasty
has been described previously (11,12) including the method
for pulmonary anulus measurement . When the double bal-
loon technique was used, a third catheter was introduced
percutaneously into the right brachial vein
. Balloons were
inflated by hand a minimum of three times to 4
.5 to 5 arm of
pressure for 10 to I S s.
Echocardiographic and angiographie criteria for dysplastic
valve . In addition to a small pulmonary anulus (<2 SD of the
mean forage) (13), the following three criteria were required
for the definition of dysplastic valve : I) absent or minimal
poststenotic dilation of the pulmonary artery, 2) limited cusp
movement, and 3) markedly thickened cusps . The echocar-
diographic and angiographic results were evaluated by two
observers without knowledge of the catheterization or val-
vuloplasty results . The diagnosis of dysplastic valve re-
quired agreement of two-dimensional echocardiographic and
angiographic results .
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Figure I . Right ventricle to pulmonary valve gradients before and
after valvuloplasty in the catheterization laboratory and at follow-up
by continuous wave Doppler echocardiography in (A) typical pul-
monary stenosis (top) and (B) dysplastic pulmonary valve stenosis
(bottom).
Statistical analysis. Paired two-sample r tests were per-
formed in each group . Before and after valvuloplasty, right
ventricular/pulmonary artery gradient means were com-
pared .
Results
Typical pulmonary valve stenosis. Thirty-two patients
(aged 6 months to 18 .5 years, mean 5.5 years ; only three
patients <I year of age) had typical pulmonary stenosis
with the valve doming in systole, a normal anulus and
poststenotic dilation . The right ventricular pressure before
dilation ranged from 40 to 210 mm Hg (mean 86) and was
suprasystemic in seven patients (22%) . The pulmonary valve
anulus diameter in this group ranged from 10 to 25 mm
(mean 18) and the ratio of balloon to anulus diameter ranged
from 1.2 to 1
.7 (mean
1 .3).
In 14 patients two ballons were
used .
The o-nnsvnlvrdar gradient
changed from a mean of 68 to
20 mm Hg . with a percent reduction ranging from 42 to 96%
(mean gradient reduction 72.6%, p < 0 .0001) . Gradients
before and after valvuloplasty at the catheterization labora-
tory as well as the late results assessed by continuous wave
Doppler echocardiography at follow-up are shown in Figure
IA .
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Table 1 . Balloon Dilation Results in Four Patients With
Pulmonary Valve Sicrosis
D =
day
.,, Late = at
follow-up, h1
= month!, Pest = immediately after
valvuloplasty . Pre = before valvuloplasly . Y = years.
Twelve of the 32 patients with an initial postvalvuloplasty
right vent riclelpulmonary artery gradient <10 mm Hg still
had a gradient <25 mm Hg by continuous wave Doppler
echocardiography at follow-up . Fifteen patients had a right
ventricle pulmonary artery gradient between 10 and 25 mm
Hg after valvuloplasty ; in 9 of these 15 patients, the gradient
decreased and in 6 it increased slightly. Four of the 32
patients had residual dynamic subpulmonary obstruction in
the catheterizatia . laboratory and had a gradient between 32
and 57 mm Hg after valvuloplasty ; in all four patients the
right ventricle to pulmonary artery gradient decreased to
<25 mm Hg at follow-up. In the one remaining patient an
initial postvalvuloplasty gradient of 112 mm Hg persisted (92
mm Hg gradient) and surgery was required .
Dysplastic ; ulmonary valve (Table 1, Fig, 2) . The def-
inition of dysplastic pulmonary valve was met in four
patients . Age at catheterization ranged from I day to 28
months (mean 11 months). The right ventricular pressure
before vah
:eloplasty ranged from 88 to 135 mm Hg (mean
112) and was suprasystemic in all the patients
. The pulmo-
nary anulus diameter ranged from 5 to 10 mm (mean 8 .2) and
the ratio of balloon to anulus diameter ranged from 1 .2 to 1 .7
(mean
1 .4) .
In two cases the two-balloon technique was
used .
The reduction in transvalvular gradient ranged from 40 to
85% (mean gradient reduction 57 .5%, p < 0 .05) (Fig . IB).
Gradients before and after valvuloplasty in the catheteriza-
tion laboratory and at follow-up by continuous wave Dop-
pler echocardiogreuphy are shown at rigt :e IB .
Three of the four patients had a right ventricle to pulmo-
nar), artery gradient <26 mm Hg after valvuloplasty . At
follow-up, the gradient decreased significantly only in one
patient and in the other two the gradient increased to 30 and
50 mm Hg, respectively . In one patient with Noonan syn-
drome, a poor result (gradient >60 mm Hg both early and
late) was found
.
Discussion
Valve morphology and anulus size . Two-dimensional and
Doppler echocardiography were useful in characterizing the
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Figure 2 . Case 3 . Lateral right ventricular angiograms before (top)
and after (bottom) valvuloplasty in a patient with dysplastic pulmo-
nary valve stenosis .
morphology of the valve by differentiating typical from
dysplastic pulmonary valve stenosis, but could not predict
the hemodynamic result of valvuloplasty or exclude patients
beforehand from valvuloplasty
. In addition to characterizing
pulmonary stenosis as typical or dysplastic, echocardiog-
raphy was useful in predicting anulus size (Fig . 3) . This may
be particularly important in underdeveloped countries,
where the patients or the insurance company must purchase
the balloon catheter needed for valvuloplasty before the
procedure .
Residual gradient : immediate versus late results . There is
no doubt about the effectiveness of valvuloplasty when used
with oversized balloons in typical pulmonary stenosis: 97%
of patients in this study had a gradient <35 mm Hg at
follow-up . When a low gradient (<I0 mm l4g) was achieved
at valvuloplasty, the gradient at follow-up was always <25
min Hg. The results may he summarized for typical pulmo-
nary stenosis by saying that approximately 15 mm fig of
additional gradient can be anticipated at follow-up when the
gradient appears to be nearly completely abolished in the
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catheterization laboratory . One explanation of that difi'er-
ence, pointed out by Stevenson et al . (14), is that peak
instantaneous gradient is obtained at calheterization in a
heavily sedated child and at follow-up in an awake child with
a higher cardiac output . Alternatively, transient venlricutar
dysfunction could lower the postvaivuloplasly gradient in
the laboratory .
1n those patients having residual dyrrarnie subprdntonic
obstruction in the calheterization laboratory after valvado-
plasty, an additional decrease of 10 to 35 mm Hg in the
gradient can be expected; however, a residual gradient >100
mm Hg may fail to decrease and surgery may be required
(one patient in this series) . Of the four patients with dysplas-
tic pulmonary valve two had good results . In the other two
patients, the last gradient measured at follow-up was high,
but 40 and 57%, respectively, lower than the precatheteri-
zation gradient .
Conclusions . Balloon dilation of dysplastic pulmonary
valve may be the definitive treatment and in others it is at
least a palliative procedure . However, surgical treatment of
dysplastic pulmonary valve stenosis may produce better
results than valvuloplasty if u Iransanular patch placement or
valvectomy is performed . After valvuloplasty the gradient
obtained in the cathetcrization laboratory can predict the
late result of valvuloplasty except when infundibular steno-
sis is present . This application of Doppler echocardiography
should effectively eliminate the need for repeat cardiac
calheterization after valvuloplasty to determine the right
ventricle to pulmonary artery gradicnl if an adequate exam-
ination can be done .
10-
Figure 3. Pulmonary hauus size correlation between R0
angiography and echocardiography in 37 patients (the 16
patients in the study gmup rlus an additional
none, anglography
who did not have gradient measurements) .
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